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NOVEL CEPHALOSPORIN COMPOUNDS AND 
PROCESS FOR PREPARING THE SAME 

TECHNICAL FIELD 

. 5 

The present invention relates to a novel cephalosporin compound useful as an 
antibiotic agent More specifically, the present invention relates to a novel cephalosporin 
compound represented by the following formula (I), which is useful as an antibacterial 
agent, and particularly, exhibits a potent activity against strains such as methiciliin- 
10 . resistant Staphylococcus aureus (MRS A): 




CO 



and pharmaceutical^ acceptable non-toxic salt, physiologically hydrolysable ester, hydrate, 
15 solvate or isomer thereof, in which 

R 1 and R 2 independently of one another represent hydrogen, halogen, alkyl, C^ 
alkylthio, aryl, arylthio, or heteroaryl containing one or two hetero atoms 
selected from the group consisting of nitrogen and oxygen; 
. R 3 represents hydrogen or a carboxy-protecting group; 

20 Q represents O, S, CH* NH or NR, wherein R represents hydrogen, C M alkyl or benzyl; 

Z represents CH or N; 

n denotes an integer of 0 or 1; 

Ar represents a heteroaryl group represented by one of the following formulas: 
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wherein X, Y, W, A, B, D, E, G and I independently of one another represent N or C (or 
CH), provided that the six-membered ring forms a pyrimidine structure; 

R 4 represents hydrogen or C M alkyl, or amino substituted or unsubstituted with a 
substituent selected from the group consisting of alkyJ and C w hydroxyalkyl; 

R s and R 6 independently of one another represent hydrogen or hydroxy, or represent C M 
alkyl, C M alkylthio or amino substituted or unsubstituted with a substituent selected 
from the group consisting of C w alkyl, hydroxyalkyl and C 1j6 aminoalkyl; 

,R 7 , R*, R 9 , R 10 and R n independently of one another represent hydrogen, or represent C lH5 
alkyl, or represent amino substituted or unsubstituted with a substituent selected 
from the group consisting of C M alkyl, hydroxyalkyl and aminoalkyl; 

R 12 , R 13 , R u , R 15 , R 16 , R 17 and R 18 independently of one another represent hydrogen, C x . 6 
alkyl or C w hydroxyalkyl, or represent amino substituted or unsubstituted with a 
substituent selected from the group consisting of alkyl, di-C^ alkyl 
hydroxyalkyl and aminoalkyl; 

denotes a single bond or a double bond; and 

the propenyl group when n is 1 at C-3 position may be present in the form of cis or trans. 



The present invention also relates to a process for preparing the compound of 
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formula (I), as defined above, and to an antibacterial composition containing the compound 
of formula (0 as an active ingredient 



BACKGROUND ART 

5 

Cephalosporin-based antibiotics have been widely used for treatment of infectious 
diseases caused by pathogenic bacteria in human and animals. They are particularly 
useful for treatment of diseases caused by bacteria resistant to other antibiotics such as 
penicillin compounds and for treatment of penicillin-hypersensitive patients. In most 

10 cases for treating such infectious diseases, it is preferred to use antibiotics showing an 
antimicrobial activity against both of gram-positive and gram-negative microorganisms. 
It has been very well known that such antimicrobial activity of cephalosporin antibiotics is 
largely influenced by the kind of substituents present at 3- or 7-position of cephem ring. 
Therefore, according to the attempt to develop an antibiotic agent showing a potent 

15 antimicrobial activity against broad strains of gram-positive and gram-negative bacteria 
numerous cephalosporin antibiotics having various substituents introduced into 3- or 7- 
positioft have been developed up to the present 

For instance, British Patent No. 1,399,086 illustrates broadly and generically 
20 cephalosporin derivatives represented by the following formula (EQ: 




in which 



WO 02/04464 



4 



PCT/KR01/01027 



R 10 represents hydrogen or an organic group; 

. R u is an etherified monovalent organic group, which is linked to oxygen via carbon atom; . 
A represents -S- or >S-»0; and 
B represents an organic group. 

5 

Since development of those compounds, many attempts to develop antibiotic 
agents having broad antibacterial spectrum have been made and, as a result, numerous 
. cephalosporin antibiotics have been developed. According to their development, many 
studies to introduce acylamido group into 7-position and a certain specific group into C-3 
10 position of the cephem nucleus of formula (Ef) have also been made in various points of 
view. 

Recently, resistance strains of gramrpositive microoiganisms, particularly 
methicillk-resistant Staphylococcus aureus (MRSA) have been recognized as the cause of 
15 serious hospital infection and therefore, many attempts have been made to introduce 
arylthio group into C-3 position to develop cephalosporin compounds showing a potent 
activity against MRSA* 

Thus, Japanese Laid-open Publication No. 98-36375 discloses broadly and 
20 , genericaliy cephalosporin derivatives represented by the following formula (EQ) wherein 
arylthio group is introduced into C-3 position to increase the activity against broad 
. pathogenic strains; 
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in which 

R 12 represents substituted alkylthio, aryl, aryithio, aryloxy or heterocyclyl group; 
A represents protected amino, hydroxy or methylene group; 
5 R 13 represents protected carboxy or carboxylate; 

R 14 represents halo, cyano, amidino, guanidino, azido, nitro, substituted alkyl, alkenyl, 
dichloroalkyl, aryl, alkoxy, aryloxy, alkylthio, axylthio, alkylamino, acyl, carbamoyl, 
carbamoyloxy, alkoxyimino, urddo, alkylsulfinyl, alkylsulfonyl or sulfamoyl, or 2- 
substhuted pyrimidinyl, quinazolinyl, purinyl, pyrazolo[3,4-d]pyrimidinyl 5 
10 pyraizolp[4,3-d]pyrimidinyl, [l,2,3]triazolo[4,5-d] pyrimidinyl or phtheridinyl; and 

. m denotes 0 or 1. 

In the above patent various heteroaromatic rings are introduced into thioaryl 
moiety at 03 position, but are different from the methylene or propenyl chain at C-3 
15 position of the compound according to the present invention. 

In other words, the present invention characterized in that substituted or 
unsubstituted pyrimidinyl group is introduced into C-3 position via a chain such as 
methylene or propenyl, but the above Japanese patent mentions nothing thereon, 

20 

The attempt has been made to develop cephalosporin compounds, which can show 
a potent activity against serious hospital infection caused by methicillin-resistant 
Staphylococcus aureus (MRSA), by introducing acyl group into position 7 and pyridine 
group into C-3 position. Typical example thereof is the compounds of formula (TV) 
25 . disclosed in European Patent No. EP 96-72742 Al: 
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AcylNI 




(TV) 



in which 

Acyl substituent is Ar-S-CHa-CO-, wherein Ar represents hydrophobic substituted phenyl, 
pyridyl or benzthiazolyl group; 

R 15 and R 16 independently of one another represent hydrogen, alkyl or aminoalkyl- 
carbonylamino; and 

R 17 represents substituted aliphatic, aromatic or arylaliphatic group or a group containing 
sugar moiety. 

In the above European patent, various heteroaromatic rings are introduced into 
thioaryl moiety present at C-3 position but are different from the substituent present at 0-3 
position of the compound according to the present invention. 

Another attempt has been made to develop cephalosporin compounds, which can 
show a potent activity against serious hospital infection caused by methicillin-resistant 
Staphylococcus aureus (MRS A), by introducing acyl group into position 7 and quarternary 
ammonium group into C-3 position via propenyl chaia Typical example thereof is the 
compounds of formula (IVa) disclosed in W099/67255; 
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inwbicb 

R*° represents an organic group having a molecular weight of 400 or less; 

R 31 represents hydrogen, lower alkyl or phenyl group; and 

5 R 32 represents an organic group of which secondary, tertiary or quarternary nitrogen atom 
is directly connected with propenyl group, and which has a molecular weight of 
400 or less. 

In the above patent, an organic group is introduced via various nitrogen atoms into 
10 propenyl moiety present at C-3 position but are quite different from the substkuent present 
at C-3 position of the compound according to the present invention. 

That is, the present invention characterized in that substituted or unsubstitutedj 
pyrimidinyl group is introduced into C-3 position via a chain such as methylene or 
15 propenyl, but the above patent mentions nothing thereon. 

DISCLOSURE OF INVENTION 

Thus, the present inventors have conducted extensive and intensive researches to 
20 develop cephalosporin compounds showing broad antibacterial activity against gram- 
positive microorganisms including MRS A. As a result, we have identified that a certain 
, cephalosporin compound having optionally substituted pyrimidinyl group at C-3 position 
meets the above requirement, and then completed the present invention. 



25 Therefore, the purpose of the present invention is to provide a compound of 

formula (I), as defined above, and pharmaceutically acceptable non-toxic salt, 
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physiologically hydrolysable ester, hydrate, solvate or isomer thereof. 

Further, the purpose of the present invention is to provide a process for preparing 
the compound of formula (I) and an antibacterial composition containing the compound of 
5 formula (I) as an active ingredient 

BEST MODE FOR CARRYING OUT THE INVENTION 

The purpose of the present invention is to provide a novel cephalosporin 
10 compound represented by the following formula (I): 




and pharmaceutical^ acceptable non-toxic salt, physiologically hydrolysable ester, hydrate, 
15 solvate or isomer thereof in which 

R 1 and R 2 independently of one another represent hydrogen, halogen, C w alkyl, 

alkylthio, aryl, arylthio, or C« heteroaryl containing one or two hetero atoms 

selected from the group consisting of nitrogen and oxygen; 
R 3 represents hydrogen or a carboxy-protecting group; 

20 Q represents O, S, CH^, NH or NR, wherein R represents hydrogen, alkyl or benzyl; 

Z represents CH orN; 

a denotes an integer of 0 or 1; 

Ar represents a heteroaryl group represented by one of the following formulas: 
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wherein X, Y, W, A, B, D, E> G and I independently of one another represent N or C (or 
CH), provided that the six-membered ring forms a pyrimidine structure; 

5 R 4 represents hydrogen or alkyl, or amino substituted or unsubstituted with a 
substituent selected from the group consisting of C,^ alkyl and hydroxyalkyl; 

R 5 and R* independently of one another represent hydrogen or hydroxy, or represent C w 
alkyl, alkylthio or amino substituted or unsubstituted with a substituent selected 
from the group consisting of C M alkyl, hydroxyalkyl and C lm6 aminoalkyl; 

10 R 7 R 8 , R 9 , R 10 and R n independently of one another represent hydrogen, or represent C w 
alkyl, or represent amino substituted or unsubstituted with a substituent selected 
from the group consisting of C,^ alkyl, hydroxyalkyl and C 1h6 aminoalkyl; 

R 12 , R 13 , R 14 , R 15 , R 16 , R 17 and R 18 independently of one another represent hydrogen, C M 
alkyl or hydroxyalkyl, or represent amino substituted or unsubstituted with a 
15 substituent selected from the group consisting of C Xm6 alkyl, di-C^ alkyl, G lm6 

hydroxyalkyl and C M aminoalkyl; 

denotes a single bond or a double bond; and 

the propenyl group when n is 1 at C-3 position may be present in the form of cis or trans. 

20 The compound of formula (1) according to the present invention can be 
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administered in the form of an injectable formulation or an oral formulation depending on 
the purpose of its use. 

Pharmaceutical acceptable non-toxic salts of the compound of formula (T) include 
.5 salts with inorganic acids such as hydrochloric acid, hydrobromic acid, phosphoric acid, 
sulfuric acid, etc;, salts with organic caiboxylic acids such as acetic acid, trifluoroacetic 
acid, citric acid, formic acid, maleic acid, oxalic acid, succinic acid, benzoic acid, tartaric 
acid, fumaric acid, mandelic acid, ascorbic acid, malic acid, etc., or with methanesulfonic 
acid or para-toluenesulfonic acid, and salts with other acids which have been well-known 
10 and widely used in the technical field of penicillins and cephalosporins. These acid 
, addition salts can be prepared according to any of the conventional methods. Further, the 
compound of formula 0) can also form a non-toxic salt with a base. The base that can be 
used for this purpose includes inorganic bases such as alkaline metal hydroxides (e.g. 
sodium hydroxide, potassium hydroxide, etc.), alkaline metal bicarbonates (e.g. sodium 
15 bicarbonate, potassium bicarbonate, etc.), alkaline metal carbonates (e.g. sodium carbonate, 
potassium carbonate, calcium carbonate, etc.), etc., and organic bases such as amino acids. 

Examples of physiologically hydrolysable esters of the compound of formula (I) 
include indanyl, phthalidyl, methoxymethyl, pivaloyloxymethyl, glycyloxymethyl, 
20* phenylglycyloxymethyl, 5-methyl-2-oxo4,3-dioxolen-4-yl methyl esters or other 
physiologically hydrolysable esters which have been well-known and widely used in the 
field of penicillins and cephalosporins. These esters can be prepared according to any of 
. the known conventional methods. 

25 Typical examples of the compound of formula (I) according to the present 

invention include the following: 

1-1 : (6R,m)-3-{(£>-3-[(2-am^ -propenyl}-7-({2- 
[(2,5-dichlorophenyl)sulikiyl] acetyl^ 
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2-ene-2-carboxylic acid; 

1-2: 4-ainino-l-{(^3-I(6R,m>2-carboxy-7-({2-[(2 J 5-dicMoropheny0 
amino)-8-oxo-5-tbia-l-a2abicy^ 
ium; 

1-3: (^722)-3-{(jS)-3-[(2,6sliammo4^ 
dicMorophenyl)sul^yl]acetyl}a^ 
2-caiboxylic acid; 

1-4: I,4~diamko-2-({(^3-[(6^7£^^ 
awtyl}anfoo>8-oxo-5-tMa-l-azab^ 
pyrimidin-l-ium; 

1-5: (6i?Ji?)-3-{(^-3-[(2,6-diamiao^-pyr^ 

dichloroanilmo)a<^l]amino}-8-oxo-5-thia-l-azabicyclo[4.2.0]oct-2-^ 
carboxyiic acid; 

1-6: l,4-diammo-2-({[(6R,m>2-carboxy-7-({2-[(2,5-<JicMorophenyI)suI^ 
amho)-8-oxo-54Ma-l-azabi<^^ 
1-iura; . 

I-T. (6R,m>7-({2-[(2,6-dicMoro-4-py^^ ' 
(lH-pyrazolo[3,4-d]pyrimid^ 
oct-2-ene-2-carboxy!ic acid; 

I r 8: (6R,7R)-3-{(E>3-[(4,6-diaraino-2-pyrimidinyl)sulM 
fficMoro-4-pyridinyl)sulfenyl]ac^ 
ene-2-carboxylic acid; 

1-9: (6R,m)-3-{<E>3-[(4-amho-lH-pymoloP^^ 
propOTyl}-7-({2-[(2,6-dicMoro-4-pyri^ 
azabicyclo[4.2.0]oct-2-ene-2-carboxyIic acid; 

1-10: (6R,m)-3-{(E)-3-[(2-anuno-6-h^^ 
({2-[(2,6-dicMoro-4-pyridiny^ 
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[4.2.0]oct-2-ene-2-carboxylic acid; 

HI: (6R,m>3-{(E>3-[(2,6-diai^ 
dichloro-4-pyridiny^ 
ene-2-carboxylic acid; 

1-12: (6R 7 7R)-7+{2-[(2,6~&c^ 
(ethylsulfanyl)^-me^^ 
azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid; 

1-13: 7~araiao-5-({(E^^ 

acetyl}amino)-8-oxo-5-thia-l-a^ 
-lH-[lA4]triazolo[l,5-c] 

1-14: 2J-diamino-5-({(E^^ 
sulfanyl]acetyl}aimno)-^^ 
sulfanyl>l -methyl- 1^ 

1-15: (6R,m)-7<{2-[(2>dicM^^ 
hydroxy-6-[(2-hydroxyet^ 
thia-l-azabicyclo[4.2.0]oct-2-en&-2-caibo^lic acid; 

1-16: 4,6-diammo-2-({(E)-3-K^ 

sulfaByl]acetyl}amino)-8-oxo-5-thia-l-azabicyclo[4.2.0]oct- 
sulfenyl)- l-ethylpyriinidin-l-him; 

H7: 

sulfanyl]acetyl}amfoo)^-ox^ 
sulfanyl)-6jKiihydro-^^ 

1-1 8: 4,6-diamino4-({<£)*3-[(6^ 
sulfanyl]acetyl}amino)-8~^^ 
pyrimidin-l-ium; 

1-19: (6R,7R>7-amino-5<{(E>3-^^^ 

amino)-8-oxo-5-thia-l-azabi(^clo[4.2.0]oct-2-en-3-yl]-2-prop^ 
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[l^^triazolofl^^pyrimidin-^ium; 
1-20: (6^m)-3-{(£>3-[(4-amino^ 

1- propenyl}-7-({2-[(2>dicMorophe^ 
azabicycIo[4.2.0]oct-2-eae-2-carboxylic acid, 

5 1-21: (6R,m)-l,2.«liamino-4-({(E)-3-[^ 

acelyl}amino-8-oxo-5-tMa-l-a2^icyclo[4.2.0]oct-2-eii-3-yl-2-propeny^ 
6J-dihy<Jro-5H-cyclopenta[d]pyriBaidm-l-ium; 

1-22: (6R,m>2,6-diamino^{(E>3-[2-carb^^ 
acetyl}amino)-8-oxo-5-tMa-l-azatt^ 
10 -l-methylpyrimidin-l-ium; 

/ 1-23: (6R,m)-4,6-diamino-2-({(E>3-[2-carboxy-7-({2-[(2,5-dicWorophen 
acetyl}amino)-8-OT0-5-thia-I-a^ 
. , -l-methyl-5-[(methylainino)methyl]pyrimidin-l-ium; 

1-24: (6R,m>3-{(E)-3-[(4,6-diamino-2-pyrimidmyl)sulfanyl]-l^ 
15 dicblorophenyl)suifanyl]a(^i}a^ 

2- carboxylic acid; 

1-25: (6R,7R)-3-{(E>3-[(5,6-diamino-4-pyrimidinyl)sulfanyy 

dicMoropheny0sulfanyl]acetyl}amino>8-oxo-5-thia-l-azabicyclo[4.2.0]oct-2-ra^ 
2-carboxylic acid; 

20 1-26: (6R,7R)-3-{(^3-j;(4,6-tfaniin^ 

({2-[(2,5-dicWorophenyl)sul^yl]acetyl}anuno>8-oxc-5-thia-l-azaW 
oct-2-ene- 2-carboxylic acid; 

1-27: (6R,mH^{2-[(2,5KUcbiorophenyl)^ 
pyrazolo[3,4-d]pyrimiciin-4-yl^ 
25 . eiie-2-carboxylic acid; 

1-28: (6R,m)-7-({2-[(2>(Uchlorophenyl)su^ 
(methylsulfanyl>4-pyrimidi^ 
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^^.Oloct^en^-^aiboxylic acid; 

I r 29: (6R,mM,6^iammo^ 

acetyl}amino>8-oxo-5-th^ 
-l-ethylpyrimidin-l-ium; 

1-30: (6R,m)-3<(E>3~{[4-a^ 

-7-({2-[(2,5-dicMorophenyl)s^^ 
[4.2.0]oct-2-ene-2-carboxylic acid; 

1-31: (6R,mM,6-diamino-l-({(E)^ 
acetyl}amino)-8-oxo-5-thia-l-a^ 

5-methylpyrimidin- 1 -ium; 

1-32: (6R,m)-2,7-&ammo-6-({(^ 
acetyl}amino)-8-ox<>5-1^ 
tnazQlo[l>5^]pyrimidwrfaium; 

, 1-33; (6R,m)-4-^o-H{(£>3^ 

amino)-8-oxo-5-tMa-l-azabicyclo[4^ 
pyrimidin-l-ium; 

1-34: (^m)-4-ammo-l-({(E>3-[2~c^ 
amino)-8-oxo-54hh-l-azabicyclo^ 
5H-cyclopente[d]pyrimidin-l-ium; 

1-35: (6R,m)-4,5,6-triam^ 

acety] }airrino)-8-ox(>-5-^ 
pyrimidin-l-ium; 

1-36: (6R,m)-4>diamino-l-({<^ 

acetyl} amino)-8-oxo-5-thia-l-az^^^ 
pyrimidin-l-ium; 

1-37: 4-amino-l-{(E>3-[(6R,7R)-2^^ 
amino)-8-oxo-5-thia-l-mbi^ 
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(dimethylanrino>2-methylpyriim 

, >38: 4-amino-W(E>3-[(6R,m)-2-^ 
anmd)-8-oxo-5-thia-l-a^^ 
(methylamko)pyriinidin-l-ium; 

1-39: 4-ammo-H(E>3^(6R^ 

amho)^-oxo-54hia-l-azabicyclo^^^^ . 
pyrimidin-l-ium; 

£40: 4,6-diammo-l-{^ 

, ac^l}amko)-8-oxo-5-tMa-l-azabi^ 
methylpyrinndin-l-ium; and 

1-41: 4-amino-l-{(E>3-[(6R,m>^ 

amino)-8-oxo-5-thia-l-azabicyclo[42.0]^ 
(methylamino)pyrimidin-l-ium. 

According to the present invention, the compound of formula (I): , 




wherein R l , R\ R 3 , Z, Q, n and Ar are as defined above, and pharmaceutically acceptable 
non-toxic salt, physiologically hydrolysable ester, hydrate, solvate or isomer thereof can be 
prepared by a process which comprises reacting a compound of formula (V): 
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wherein R\ R 2 , R 3 , Z, Q and n are as defined in the formula (I), X' represents halogen 
• atom, and p is 0 or 1, with a compound of formula (VI): 

5 . 

H-Ar (VI) 

wherein Ar is as defined in the formula (0, if necessary, after adding alkaline metal iodide • 
or if necessary, removing the acid-protecting group before or after the reaction, or reducing 
10 S->oxide of a compound of formula (VIS) : 




wherein R l , R 2 , R 3 , Z, Q, n and Ar are as defined in the formula (I). 

15 

The propenyl group as a part of C-3 substituent may be present as trans- or cis- 
isomeric form depending on the geometric arrangement around the double bond as follows: 




(trans-) (cis-) 

20 



10 
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- in which Ar is as defined above. 

The present invention also includes the respective geometric isomers and mixtures 
thereof in its scope. 

Ihe process for preparing the compound of formula (I) by reacting the compound 
of formula (V) with the compound of formula (VI) according to the present invention may 
be carried out using an organic solvent Suitable solvent for this purpose includes lower 
alkyl nitriles such as acetonitrile, propionitrile, etc., halogeno lower alkanes such as 
. chloromethane, dichloromethane, chloroform, etc., ethers such as tetrahydrofiiran, dioxane, 
ethyl ether, etc., amides such as dimethylformamide, etc., esters such as ethyl acetate, etc., 
ketones such as acetone, etc., hydrocarbons such as benzene, etc., alcohols such as 
methanol, ethanol, etc., sulfoxides such as dimethylsulfoxide, etc., orthe mixtures thereof. 

16 In the process for preparing the compound of formula (I) by reacting the 

compound of formula (V) with the compound of formula (VI) according to the present 
invention, the reaction temperature can be varied within a broad range and is generally in 
the range of -10°C to 80°C, preferably in the range of 20°C to 40°C. 

20 In the case of carrying out the process according to the present invention, the compound of 
formula (VI) is used in an amount of 0.5 to 2 equivalents, preferably 1.0 to 1. 1 equivalents 
with respect to the compound of formula (V). 

In the above process, carboxy-protecting group R 3 is desirably the group that can 
25 be readily removed under mild condition. Typical examples of carboxy-protecting group 
R 3 include (lower)alkyl ester (e.g. methyl ester, t-butyl ester, etc.), (tower)alkenyl ester (e.g. 
vinyl ester, allyl ester, etc.), (lower)alkylthio(lower)alkyl ester (e.g methylthiomethyl ester, 
etc.), halo(lower)alkyl ester (e.g. 2,2,2-trichloroethyl ester, etc.), substituted or 
unsubstituted ar alkyl ester (e.g. benzyl ester, p-nitrobenzyl ester, p-methoxybenzyl ester, 
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etc.) or silyl ester. . These carboxy-protecting groups can be readily removed under mild 
reaction conditions such as hydrolysis reduction, etc. to generate a free carboxy group, and 
appropriately selected depending on the chemical properties of the compound of formula 

,0). 

5 

The leaving group X* representshalogen atom such as chloro, fluoro, iodo, etc. 

The dotted line in the formulae in the present specification represents, for example, 
each of the following formulae (VlUa) and (Vmb), or their mixture: 

10 




16 in which p is as defined above. 

The compound of formula (V) can be prepared by activating a compound of 
formula (TX): 



20 




5 
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in which R 1 , R 2 , Z and Q are as defined above, or its salt with an acylating agent and then 
reacting the resulting activated compound with a compound of formula (X): 




in which R 3 , n, p and X are as defined above. 



In preparing the compound of formula (V), an acylated derivative as the activated 
form of the compound of formula (IX) includes acid chlorides, acid anhydrides, mixed acid 

10 anhydrides (preferably, acid anhydrides formed with methylchloroformate, mesitylene 
sulfonyl chloride, p-toluenesulfonyl chloride or chlorophosphale) or activated esters 
(preferably, esters formed from the reaction with N-hydroxybenzotriazole in the presence 
of a condensing agent such as dicyclohexylcarbodiimide), etc. In addition, the acylation 
reaction can also be practiced by using a free acid compound of formula (IX) in the 

15 presence of a condensing agent such as dicylcohexylcarbodiimide or eaibonyldiimidazole. 
Further, the acylation reaction is well practiced generally in the presence of an organic base, 
. preferably a tertiary amine such as triethylamine, dimethylaniline, pyridine, etc., or an 
. inorganic base such as sodium bicarbonate, sodium carbonate, etc. The solvent which can 
be used in this reaction includes halogenated hydrocarbon such as methylene chloride, 

20 chloroform, etc., tetrahydrofuran, acetonitrile, dimethylfonnamide or dimethyl acetamide. 
The mixed solvent comprising two or more solvents selected from the above can be also 
used. The reaction can also be carried out in an aqueous solution. 



The reaction temperature in the acylation reaction is in the range of -50°C to 50 D C, 
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.preferably in the range of -30°C to 20*C. ITie acylating agent for the compound of 
formula (EX) can be used in an equimolar amount or a slightly excessive amount, i.e. in an 
amount of 1.05 to 1.5 equivalent weights, with respect to an equivalent weight of the 
compound of formula (X) 

A compound of formula (Va) (wherein n is 1): 



H C ? ] I 



^ 0 J CH==CHCH 2 X 

C0 2 R 3 (Va ) 



in which R , R 2 , R 3 , Z, Q, p and X* are as defined above, can be prepared according to a 
conventional method. That is, the compound of formula (Va) can be prepared by reacting 
a compound of formula (Vb) (wherein n is 0): 




CH 2 X 
O2R 3 (Vb) 



in which R 1 , R 2 , R 3 , Z, Q, p and X* are as defined above, according to a conventional 
method, e.g., Wittig reaction, to give an intermediate compound of formula (XT): 
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CH=PPii, 

co*' pa) 



in which R 1 , R 2 , R 3 , Z, Q and p are as defined above, then by reacting the resulting 
compound (XI) with a halogenated acetaldehyde. 

5 

The compound of formula (V) above may also be prepared by acylating the 
compound of formula (DQ or its salt for activation, then by directly reacting the resulting 
. acylated compound with the compound of formula (X). 

10 Conversions of the halogen atom represented by X' in formula (V) to another 

. halogen atom may be carried out through a conventional method. For example, a 
compound of formula (V) wherein X' is iodine atom is obtained by reacting a compound 
of formula (V) wherein X 5 is chlorine atom with alkaline metal iodide. 

15 . In preparing the compound of formula (I) as defined above, the acid-protecting 

group present in the compound of formula (V) can be removed by any of the conventional 
methods widely known in the field of cephalosporins. That is, the protecting groups can 
be removed by hydrolysis or reductioa Acid hydrolysis is useful for removing 
tri(di)phenylmethyl group or alkoxycaibonyl group and is carried out using an organic acid 

20 such as formic acid, trifluoroacetic acid, p-toluenesulfonic acid, etc., or an inorganic acid 
such as hydrochloric acid, etc. 



The resulting product from the above processes can be treated with various 
methods such as recrystallization, electrophoresis, silica gel column chromatography or ion 
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exchange chromatography to separate and purify the desired compound of fbimula (I). 

Another purpose of the present invention is to provide a pharmaceutical 
composition containing the compound of formula (T) or its pharmaceutical acceptable 
5 salt as an active ingredient, together with a pharmaceutical^ acceptable earner. 

The compound according to the present invention can be administered in the form 
of an injectable formulation or an oral formulation depending on the purpose of its use. . 

10 The compound of formula (I) of the present invention can be formulated using 

laiown pharmaceutical^ acceptable carriers and excipients according to the known method 
to prepare a unit dosage form or to be introduced into a multi-dosage container. The 
formulations can be in the form of a solution, suspension or emulsion in an oil or aqueous 
medium and can contain conventional dispersant, suspending agent or stabilizing agent. 

15 In addition, the formulation can also be in the form of a ready-to-use dry powder which 
can be used by dissolving with a sterile, pyrogen-free water before its use. The 
compound of formula (!) can also be formulated in the form of a suppository by using 
conventional suppository bases such as cocoa butter or other glycerides. Solid dosage 
form for oral administration includes capsules, tablets, pills, powders and granules, with 

20 capsules and tablets being particularly useful. For the tablets and pills, it is preferred to 
provide an enteric coating. Solid dosage form can be prepared by mixing the active 
compound of formula (T) according to the present invention with one or more inert diluents 
such as sucrose, lactose, starch, etc., and carriers including lubricants such as magnesium 
stearate, disintegrating agents, binders, etc. 

25 

If necessary, the compound of the present invention can be administered in 
. combination with other antibacterial agent such as penicillins or other cephalosporins. 
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In formulating the compound of formula 0) accordiiig to the present invention into 
the unit dosage form, it is preferred that the unit dosage form contains the active ingredient 
of formula (I) in an amount of about 50 to 1,500 mg. The dosage of the compound of 
5 formula (T) is suitably selected under the physician's prescription depending on various 
factors including weight and age of patient, particular conditions and severity of diseases to 
be treated, etc. However, the daily dosage for treatment of adult man generally corresponds 
to about 500 to 5,000 mg of the compound of formula (Q depending on the frequency and 
intensity of administration. For intramuscular or intravenous injection to adult man, a total 
10 daily dosage in the range of about 150 to 3,000 mg is generally sufficient. However, in 
case of infections caused by some pathogenic strains, it may be preferred to more increase 
the daily doage. 



The compound of formula 0) and its non-toxic salt (preferably salts with alkali 
15 metals, alkaline earth metals, inorganic acids, organic acids and amino acids) according to 
the present invention exhibit a potent antimicrobial activity and a broad antibacterial 
spectrum against broad pathogenic microorganisms including various gram-positive strains 
and therefore, aire very useful for prevention and treatment of diseases caused by bacterial 
infection in animals including human being. 



!0 



The present invention will be more specifically illustrated by the following 
preparations and examples. However, it should be understood that these preparations and 
examples are provided only to help the clear understanding of the present invention but do 
not intend to limit the present invention in any manner. 
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EXAMPLES 

Preparation 1 

Synthesis of 4-methoxybenzyl (6I^7R)-3-p-chloro-l-propenyl]-7-({2-[(2,5-dichloro 

5 phenyl)suIfanyl]acetyI}amino)-8-oxo-5-thia-l-azabicycIo[4.2.0Joct-2-ene-2- 
carboxyJate 

4-Methoxybenzyl (6R,m)-7-ammo-3-[3-cUoro-l-propenyl]-8-oxo-5-thia-l-aza 
bicyclo[4.2.0]oct-2-ene-2-carboxylate hyarochloride(2.73g, 6.33mmol) and 2,5- 
dicblorophenylthioacetic acid(1.50g, 6.33mmol) were dissolved in dichloromethane(25m4). 

10 . Temperature in the reaction vessel was lowered to -30*0, and each of pyridine(1.30m(l, 
15.83 mmol) and phosphoryloxy chloride(0.71m4, 7.60mmol) was slowly added dropwise 
thereto. The temperature in the reaction vessel was gradually raised to 0*0 during which 
the reaction mixture was stirred for 3 hours. The reaction mixture was diluted with 
excess ethyl acetate, washed with saturated ammonium chloride solution, 5% aqueous 

15 sodium bicarbonate solution and aqueous sodium chloride solution once per each solution, 
dried over anhydrous magnesium sulfate, and filtered. The filtrate was distilled under 
reduced pressure and the residue was purified by column chromatography to give 1.8g 
(Yield 46.3%) of the title compound. 

'HNMRCCDCla) 6 7.38~7.25(4H, m), 7.15(1H, d), 6.88-6.86(3, q, J=1.85Hz), 

20 6.24-6.22(3, d, J=13z), 5.75~5.73(2H, dd, m), 5.15(2H, s), 4.98-4.97(3, d, J=5.05Hz), 
4.10(3, m), 3.93-3.90(3, m), 3.79(3H, s), 3.75~3,71(2H, q), 3.43(3, Abq, J=18.3Hz), 
3.27-3,23(3, Abq, J=18.3Hz) 
Mass(m/e) 612 

25 Example 1 

Synthesis of (6R,7R)-3-{(Q-3-[(2-ainmo-6-hydroxy-4-^^ 
propenyl}-7-({2-[(2,5-dicMorophenyI)sur^^ 
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid 
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4-Methoxybenzyl (6R,m)0-[3-cUor<>-l-pra 
sulfany!]acetyl}amino)-8-^^^ 

0.3263 mmol) was dissolved in acetone(3mfc) and sodium iodide((U5g, 0.9789mmol) was 
. 5 added thereto. The reaction mixture was stirred for 1 hour at room temperature and the 
solvent was removed by distillation under reduced pressure. The resulting residue was 
dissolved in dimethylfonnamide(3iafc), 2-amino^hydroxy^-mercaptopyrimidine 1/2 
sulfate(0.044g, 0.3099mmol) was added thereto, and the mixture was stilted for 3 hours at 
room temperature. The reaction mixture was diluted with excess ethyl acetate, washed 
; 10 three times with aqueous sodium chloride solution, dried over anhydrous magnesium 
sulfate, and filtered The filtrate was distilled under reduced pressure, and then the residue 
was purified by diethylether and dried under nitrogen atmosphere. Thus obtained 
solid(0.15g) was deprotected by trifluoroacetic acid and anisole and then purified by high 
pressure preparativ? liquid chromatography to give 0. lg(Yield of two steps 27.7%) of the 
15 title compound, 

l HNMR(CD 3 OD) 8 8.64(1H, s), 8.15~8.13(1H, d, J=*7.8Hz), 7.46(1H, s% 
6.69~6.66(1H, d, J=15.6Bk), 5.94~5.91(IH, m), 5.69(1H, s), 5.50~5.49(1H, d, J=4.6Hz), 
5.02~5.01(1H, d, HN4.55Hz), 3. 72-3.71 (2H, q), 3.59~3.52(2H, m) 
20 Mass(m/e)599 

Example 2 

Synthesis of 4-ammo-l-{(£)-3-[(6R J ^^ 
sulfanyl]acetyI}amino)-8H>X(>-5^ 
25 pyrimidin-l-ium 

The title compound was prepared according to the same procedure as Example 1 
(Yield of two steps 22.5%). 
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l HNMR<CD30D) 8 8.64(1H, s), 8.15~8.13(1H, d, J=7.8Hz), 7.46(1H, s), 
7:36~7.35(1H, d, J=8.7Hz), 7>18~7.16(1H, dd, J=2.3Hz), 7.02~6.99(1H, d, J=I5.5Hz), 
7.76-7.740H, d, J=7.4Hz), 5.90~5.87(1H, m), 5.64~5.63(1H, d, J=5.05Hz), 
5.02~5.01(1H, d, Hz=5.0Hz), 3.81~3.73(2H, m), 3.59~3.52(2H, m) 

Mass(m/e) 552 

Example 3 

Synthesis of (6J^7/?)-3-{(£)-3-[(2>diamino-4-py™ 

({2-I(2,5-dkhlorophenyl)sulfan^ 

ene-2-carboxylic acid 

The title compound was prepared according to the same procedure as Example 1 
(Yield of two steps 16.0%). 

*H NMR(CD 3 OD) 8 3.61(1H, d, 14Hz), 3.78(1H, d, 14Hz), 3.80(2H, s), 
3.98(2H, m), 5.10(1H, d, 5.2Hz), 5.68((1H, d, 5.3Hz), 6.01(1H, s), 6.20(1H, m), 7.20(2H, 
m), 7.35(1H, m), 7.52(1H, m) 

Mass(m/e) 598 

Example 4 

Synthesis of l,4-diammo-2-({(£>^[(6i?,7i2)-2-carboxy-7-({2-[(2,5-dichlorophenyI) 

sulfanyl]acetyl}ammo)-8-oxo-5-tWa-l-azabicydot4.2.0]oct-2-en-3-.yll-2-propenyl} 

sulfanyl)pyrimidin-l-ium 

The title compound was prepared according to the same procedure as Example 1 
(Yield of two steps 12.5°/o). 

'H NMR(DMSO) 6 3.40(1H, d, 15Hz), 3.75(1H, d, 14.9Hz), 3.77(2H, s), 
3.95(2H, s), 5.01(1H, s), 5.48(3H, m), 6.55(1H, m), 6.66(1H, m), 7.42(6H, m), 8.01(1H, s), 
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9.20(1H, s) 

Mass(m/e) 599 

Preparation 2 

Synthesis of 2-(2,5-dichloroanilino)acetic acid 

2,5-Dichloroaniline(10g) and glyoxylic acid(6.2g) were dissolved in methanol(100 
tdI), which was then cooled to Ot: and stirred for 40minutes. Sodium cyanoborohydride 
(4.5g) was slowly added dropwjse thereto and the resulting mixture was stirred for about 3 
hours at room temperature. The solvent was removed under reduced pressure and excess 
diethylether . was added to the residue. The organic layer was washed with diluted 
hydrochloric acid solution and water, dried over magnesium sulfate, and filtered. The 
filtrate was distilled under reduced pressure and the residue was solidified using hexane to 
give the title compound (Yield 60%). 

! HNMR{CDC1 3 ) 6 3.92(2H, d, 5.5Hz), 5.86(1H, m), 6.66(2*1, m), 7.26(1H, m) 
Mass(m/e)219 

Preparation 3 

Synthesis of 4-methoxybenzyl (6«,7JJ)-3-[(B)-3-chloro-l-propenyq-7-{[2-(2,S- 
dichloroanUino)acetyl]amino}-^oxo-5-thia-l-azabicyclo[4.2.0Jort-2-ene-2-carboxylate 

The title compound was prepared according to the same procedure as Preparation 
1 (Yield of two steps 75.5%). 

'HNMR(CDC1 3 ) 5 3.24(1H, d, 18.3Hz), 3.44(1H, d, 18Hz), 3.72(1H, dd, 7.8Hz, 
11.5Hz), 3.79(313, s), 3.86(2H, m), 3.97(1H, dd, 6.4Hz, 14.6Hz), 4.98(1H, m), 5.03(1H, d, 
5Hz), 5.11(2H, s), 5.22(1H, m), 5.71(1H, m), 5.8I(1H, m), 6.21(1H, d, 11Hz), 6.55(1H, d, 
2.3Hz), 6.73(1H, dd, 2.3Hz, 8.3Hz), 6.89(2H, m), 7.30(3H, m) 
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Mass(m/e) 595 
Example 5 

Synthesis of (61? J!Q^{(^-[(2^ 
(2,5-dicWoroaniImo)acety0amino}-^ 
carboxylic acid 

The title, compound was prepared according to the same procedure as Example 1 
(Yield of two steps 18.0%). 

^NMRCDMSO) 6 3.68(1H, d, 14Hz), 3.81(1H, d, MHz), 3.92(2H, s), 3.99(2H, 
m), 5.12(1H, d, 4.6Hz), 5.66(1H, m), 5.98(1H, s), 6.02(1H, m), 6.15(1H, m), 6.50(1H, d, 
2.3Hz), 6.63(1H, dd, 2.3Hz, 8.3Hz), 6.92(1H, d, 14Hz), 7.25(2H, d, 8.7Hz), 8.05(2H, sX 
9.10(1H, d, 8.3Hz) 

Mass(m/e)581 

Preparation 4 

Synthesis of 4-methoxybenzyl (6R > 7R)^3-(chloromethyI)-7<{2-[(2,S^ichloropheny!) 
suIfanyIJacctyI}amino)-8-oxo-5-thm^^ 

(6R,7R)-4-niethoxybenzyl 7-amho-3-(cUoromethyl)-8-oxo-5-thia-l-azabicyclo 
[4.2.0]oct-2-ene-2-carboxylate hydrochloride(1.5g, 3.70mmol) and 2,5-dichlorophenyl 
thioacetic acid(0,877g, 3.70mmol) were dissolved in dichloromethane(20mfc). 
Temperature in the reaction vessel was lowered to -30 *C, and each of pyridine(0.75mft, 
9.25mmol) and phosphoryloxy chloride(0.45m£, 4.81mmol) was slowly added dropwise 
thereto. The temperature in the reaction vessel was gradually raised to 0*C during which 
the reaction mixture was stirred for 3 hours. The reaction mixture was diluted with 
excess ethyl acetate, washed with saturated ammonium chloride solution, 5% aqueous 
sodium bicarbonate solution and aqueous sodium chloride solution once per each solution 
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dried over anhydrous magnesium sulfate, and filtered. The filtrate was distilled -under 
reduced pressure and the residue was purified by column chromatography to give 1.57g 
(Yield 72.2%) of the title compound. 

'HNMRCCDCy 6 7.33~7.29(3H, q, dd), 7.21(1H, d), 7.13(1H, d), 
<5.89~6.87(1H, dd), 5.77~5.75(1H, dd, J=4.l5Hz), 5,21(2H, s), 4.93~4.92(1H, d, J=5.0Hz), 
4:52~4.50(1H, Abq, J=l 1.45Hz), 4.4(M,38(1H, Abq, J=l 1.95Hz), 3.82(3H, s), 
3.79~3.66(2H, q), 3.60~3.57(1H, Abq, J=18.3Hz), 3.41~3.38(1H, Abq, J=18.3Hz) 

Mass(m/e) 586 

Example 6 

Synthesis of l,4-diainmo-2K{[(6IOT>2^ 

acetyl}amino>-8^xo-54bia-l-azabicydo[4.2.0]oc^^^ 

pyrimidin-l-ium 

4-Methoxybenzyl (6^m>-3^chloromemylH<{2-[(2,5-dicWorophenyl)sulfanyl] 
acetyl}amho>8K>xo-5-1ma-l-a2^icyclo[4.2.0fa^ 0.8511 
mmol) was dissolved in dimethylformamide(5me), l,4-diainmcK2(lH)-pyriniidinthione 1/2 
. sulfate(0. 1 15g, 0.809mmol) was added thereto, and the mixture was heated to 40 "C for 30 
minutes. After all of the reactants were dissolved, the resulting solution was stirred for 3 
hours at room temperature. The reaction solution was diluted with excess ethyl acetate, 
washed three times with aqueous sodium chloride solution, dried over anhydrous 
magnesium sulfate, and filtered. The filtrate was distilled under reduced pressure, and then 
the residue was purified by dichloromethane and diethylether and dried under nitrogen 
atmosphere. Thus obtained solid (0.6g) was deprotected by triftuoroacetic acid and anisole 
and then purified by high pressure preparative liquid chromatography to give the title 
compound (Yield of two steps 25.5%). 



1 HNMR(DMSO-d 5 ) 6* 9.21-9. 19(1H, d, J=78Hz), 7.49~7.47(2H, m), 7.25(1H, 
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d, J=8.25Hz), 7.10(1H, d), 6.83~6.81(1H, d, J=8.25Hz), 5.57(1H, br, d), 5.00(1H, br, d), 
. 4.62(1H, br, s), 3.92~3.83(3H, s, m), 3.61~3.39(2H, br, m) 
. Mass(m/e)573 

5 Preparations 

Synthesis of 4-raethoxybenzyl (6R,7R)~3-[(Z>3-chto 

dicMoro^pyridinyl)sulfanyl]^ 

2-carboxylate 

10 , 4-Methoxybenzyl (6R^7R)-7-amino-3-[3-chloro-l-propenyl]-8-oxo-5-thk-l-a^ 

bicyclo[4.2.0]oct-2-eiie-2-caibO3qrlate hydrochloride(1.8g, 4.22mmol) and 2-[(2,6- 
dicWoro-4-pyridinyl)sulfanyl]acetic acid(1.0g, 4.22mmol) were dissolved in dichloro- 
methane(20m£). Temperature in the reaction vessel was lowered to -30t 3 and each of 
pyridine(0.85iD{ i 10.55mmol) and phosphoryloxy chloride(0,51mG, 5.49mmoI) was slowly 

15 added dropwise thereto. The temperature in the reaction vessel was gradually raised to 0 *C : 
during which the reaction mixture was stirred for 3 hours. The reaction mixture was 
diluted with excess ethyl acetate, washed with saturated ammonium chloride solution, 5% 
aqueous sodium bicarbonate solution and aqueous sodium chloride solution once per each 
solution, dried over anhydrous magnesium sulfate, and filtered. The filtrate was distilled 

20 under reduced pressure and the residue was purified by column chromatography to give 
1.6g (Yield 62.0%) of the title compound. 

'H NMR(DMSO) 6 9.31-9.30(1H, d, J=8.25Hz), 7.51(2H, s), 7.32~7.31(2H; d, 
J=8.7Hz), 6.93~6.91(2H, d, J=8.7Hz), 6.30~6.27(1H, d, J=10.95Hz), 5.74~5.69(2H, m), 
25 5.25~5.06(3H, m), 4.1 1(1H, m), 4.01(2H, m), 3.95(1H, m), 3 s), 3.68-3 .64(1H, m), 

i51~3.47(lH,m) 

Mass(m/e) 613 

Example 7 
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Synthesis of (6R,m>7^{H(2,(ndicJiloro-4-pyrid 
l(£)-3^1frpyimolo[3,4-^ 
[4.2.0]oct-2~ene-2-carboxyIic acid 

4 7 MethoxybemyI (6R,m)-3-[(^3-cMoro-l-pro^^^ 
pyridinyi)sulfanyi]ace^ 

(0.38g, 0.62mmol) was dissolved in acetone(4ia£) and sodium iodide(0.17g, 1.14mmol) 
was added thereto. The reaction mixture was stirred for 1 hour at room temperature and 
distilled under reduced pressure. The residue was dissolved in ethyl acetate and washed 
with water and aqueous sodium chloride solution. The organic layer was dried over 
anhydrous magnesium sulfate and filtered, and the filtrate was distilled under reduced 
pressure. The residue was dissolved in dimethylformamide, 4-mercapto- Lff-pyrazolo [3 ,4- 
£d-pyrimidine(0.096g, O.63mmol) was added thereto, and the mixture was stiiTed for 24 
hours at room temperature. The reaction mixture was diluted with excess ethyl acetate, 
water was added thereto, and the resulting solid was filtered. The filtrate was washed 
with water and aqueous sodium chloride solution, dried over anhydrous magnesium sulfate 
and filtered. The filtrate was distilled under reduced pressure. The residue was dissolved in 
a small amount of methylene chloride, purified by diethylether and filtered. The solid 
obtained by each method was dried under nitrogen atmosphere. 

Thus obtained solid(70mg) was deprotected by trifluoroacetic acid, anisole and 
triethylsilane, and then purified by high pressure preparative liquid chromatography to give 
20mg(Yield of two steps 5.3%) of the title compound. 

l H MMR(DMSO, 500MH2) 8 9.21(1H, d, J=8.3Hz, NH), 8.72(1H, s), 8.25(1H, 
s), 7.51(2H, s), 7.10(13, d, J=16.0Hz), 5.68~5.73(1H, m), 4.92(1H, d, J=4.6Hz), 
4.12-4. 14(2H, m), 3.95~4.03(2H, m), 2.88(1H, s), 2.72(1H, s) 

Mass(m/e) 609 



5 
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Example 8 

Synthesis of (^7R>3-{(J^3-[(4,Miamino-2-pyrimidinyi)sulf 

({2-[(2>dichloi^4-pyridinyl)sul^ 

[4.2.0] oct-2-ene-2-carboxylic acid 

The title compound was prepared according to the same procedure as Example 7 
(Yield of two steps 0.2%). 



l H NMRpA 500MHz) 8 7.33(2H, s), 6.7(1H, d, J=16.0Hz), 5.93(1H, m), 
10 ' 5;54(1H, d, J=4.6Hz), 5.43(1H, s), 5.04(1H; d, J=^6Hz), 4.72(2H, s), 3.76(2H, d, J=6.9Hz), 
3.46~3.56(2H;m) 

Mass(m/e) 599 

Example 9 

15 Synthesis of (6R,7R>3-{(^-3-[(4-amtoo-ljr^ 
l-propeny0-7<{2^(2,<^dichlor<M-pyifaroy^^ 
azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid 

4-Methoxybenzyl (6^m)-3-[(2)-3^bJoro-l-propenyl]-7-({2--[(2,6-dichloro-4- 

20 pyri&nyl)sulfanyl]acetyl}am 

(0. I5g, 0.24mmo0 was dissolved in dimethylformamide(l .5ml) and sodium iodide(0.073g, 
• 0.49mmol) was added thereto. The reaction mixture was stirred for 1 hour at room 
temperature, 4-aimno-ll/-pyrazolo[3,4^py^ 0.32mmol) was added, 

and the resulting mixture was stirred for 24 hours at room temperature. The reaction 

25 mixture was diluted with excess ethyl acetate, water was added, and the resulting solid was 
filtered. The filtrate was washed with water and aqueous sodium chloride solution, dried 
over anhydrous magnesium sulfate and filtered. The filtrate was distilled under reduced 
pressure, and then the residue was dissolved in a small amount of methylene chloride, 
purified by diethylether and filtered. The solid obtained by each method was dried under 
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nitrogen atmosphere. 

Thus obtained solid(30mg) was deprotected by trifluoroacetic acid, anisole and 
tiiethylsilane, and .then purified by high pressure preparative liquid chromatography to give 
2. 10mg(YieId of two steps 1.4%) of the title compound. 

'H NMR(D 2 0, 400MHz) 6 7.780H, s), 7.00(2H, s), 6.70(1H, d, J=a4.8Hz), 
5.62(ffl, m), 5.42(1H, m), 4.98(1H, m), 3.67~3.75(2H, m), 3.45~3.53(2H, m), 
' 3.22~3.36(2H, m) 

Mass(ni/e) 624 

Example 10 

Synthesis of (6R,m)-3-{(^3-[(2-amino^hydroxy-4-pyrimidinyl)sulfanylJ-l- 

propenyl}-7-({2-[(2,6-dichloro-4-pyridiny0 . 
azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid 

The title compound was prepared according to the same procedure as Example 9 
(Yield of two steps 12.9%). 

'H NMR(D 2 0, 400MHz) 5 7.19(2H, s), 6.60(111, d, J=15.6Hz), 5.51~5.60(1H, 
m), 5.48(1H, s), 5.44(1H, d, J=*WHz), 5.01(1H, d, J«4.4Hz), 3.82~3.87(2H, m), 
3.55~3.65(2H, m), 3 .16~3.38(2H, m), 

Mass(m/e) 600 

Example 11 

Synthesis of (6R/7R)-3-{(E>^[<2>diamino^ 

({2-[(2,6^ichloro-4-pyridmyl)sulfanylJacetyl>amino)-8-oxo-5-thia-l-azabicyclo[4.2.0I 
oct-2~ene-2-carboxylic acid 
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The title compound was prepared according to the same procedure as Example 9 
(Yield of two steps 15.7%). 

>H NMR(pMSO, 400MHz) 6 9.30(1H, d, J=8.0Hz, NH), 7.52(2H, s), 6.92(1H, 
d, J=16Hz), 6.19(2H, brs), 6.00~6.09(1H, m), 5.93(2H, brs), 5.60(2H, m), 5.08(1H, d, 
MHz), 4.O0~4.O5(2H, m), 3.57~3.85(4H, m) 

Mass(m/e) 599 

Example 12 

Synthesis of (6R,m>-7-({2-[(2,6-fflcMoro-^^ 
{[2-(emylsdfanyl)-6-methyl^pyrin^^ 
bicycloI4.2.0]oct-2-ene-2-carboxyllc acid 

The title compound was prepared according to the same procedure as Example 9 
(Yield of two steps 7.0%). " 

: H NMBfPiO, 400MHz) 6 %18(2H, s), 6.74(1H, s), 6.02(1H, d, J=11.2Hz), 
5.56~5.60(1H, m), 5.41~5.42(1H, m), 4.98~S.00(1H, m), 3.74~3.77(2H, m), 3.50~3."63(2H, 
.m), 3.30~3.43(2H, m), 2.90~2.98(2H, m), 2.15(3H, s), 1.16(3H, t) 

Mass(m/e) 643 

Example 13 

Synthesis of 7-aimno-S-({(E)-3-[(<at,m^ 

sidfanyl]acetyl}amfoo)^xo-5-tbia-l-a^ 

snlfanyl)-lfl-[l,2,4]triazolo[l,5-c]pyrimidin-4-ium 

The title compound was prepared according to the same procedure as Example 9 
(Yield of two steps 22.5%). 
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'H NMR(DA 400MHz) 6 7.98(1H, s), 7.11(2H, s), 6.78(1H, d, J=15.2Hz), 
6:12(1H, s), 5.63~5.69(1H, m), 5.43(1H, d, J=4.8Hz), 5.00(1H, d, J=4.8Hz), 3.86~3.91(2H, 
m), 3.69~3.75(2H, m), 3.19~3.35(2H, m) 

Mass(m/e) 625 

5 .. •" ' 

Example 14 

Synthesis of 2,7-diammo-5^{(E)-3-[(6R,^^ 
pV»dmyl)sutfanyI]aceryl}amino)^oxo^ 

propenyi}sulfanyl)-l-methyl-lH-[l^,4itriazoloIl,5-c]pyrimidin-4-ium 

10 

The title compound was prepared according to the same procedure as Example 9 
(Yield of two steps 2.2%). 

*H NMRCDMSO, 400MHz) 8 9.25(1H, d, J=8.0Hz> NH), 7.70(2H, s), 7.53(2H, 
15 s), 7.40(1H, d, J=15.6Hz), 6.16(1H, s), 5.55-5.59(111, m), 5.45-5.5 1(1H, m), 5.01(1H, m), 
3.97-4.02(2$ m), 3.67~3.74(2H, m) 
Mass(m/e) 654 

. Example 15 
20 Synthesis of (6R,m)-7-({2<(2,(^dichloro^ 

({4-hydroxy^[(2-hydroxyethyl)aminoi-2-pyrimidioyHsulfanyl}-l-propenyI]-8-oxo-5- 
thia-l-azabicyclo[4.2.0]oct-2-ene-2-carboxyUc acid 

The title compound was prepared according to the same procedure as Example 9 
25 (Yield of two steps 1.6%). 



'H NMR(D 2 0, 400MHz) 6 7.37(1H, s), 6.76(1H, d, J=15.6Hz), 5.92~6.02(1H, 
m), 5.56(1H, d, J=4.4Hz), 5.14(1H, s), 5.08(1H, d, J=4.4Hz), 4.02(2H, m), 3.91(1H, Abq, 
J=6.8Hz), 3.71~3.75(2H, m), 3.54(1H, Abq, J=^.2Hz), 3.35~3.40(2H, m) 
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Mass(m/e) 644 
Example 16 

Synthesis of 4,6-diaratao-2-({(E)-H(^ 
5 pyridmyl)sulfanyl^ 

. propenyl}sulfanyl)-l-ethyIpyrimidin-l-iujn 

• 4-Methoxybenzyl (6R,m)-3-[(2)-3-cMoro-l^^ 
pyridinyl)sulfanyl]acetyl}am^ 
10 (0.4g,0.689mmol) was dissolved in acetone(5m6) and sodium iodide(0.3g, 2.0Glmmol) 
was added thereto. The reaction mixture was stirred for 1 hour at room temperature and the 
solvent was removed by distillation under reduced pressure. The residue was dissolved in 
dimethylformamide(5i!i4), 4,6^amko-l^yl-2(liQ-pyrim 

was added, and the resulting mixture was stirred for 3 hours at room temperature. The 
15 reaction mixture was diluted with excess ethyl acetate, washed twice with water, dried over 
anhydrous magnesium sulfide and filtered. The filtrate was distilled under reduced pressure, 
and then the residue was purified by diethylether and dried under nitrogen atmosphere. 

Thus obtained solid(0.35g) was deprotected by trifluoroacetic acid, anisole and 
20 triethylsilane, and then purified by high pressure preparative liquid chromatography to give 
0.017g(Yield of two steps 4.1%) of the tide compound. 

l HNMR(DMSO-d6) 6 9.23~9.21(1H, d, J=8.25Hz), 7.89(1H, br, s), 7.52(2H, s), 
7.32~7.35(1H, d, J-15.58Hz), 5.51(1H, s), 5.46~5.45(1H, d, J«5.04Hz), 4.97^.96(113, d, 
25 J=5.04Hz), 4.00~3.96(3H, m), 3.85~3.84(1H, m), 3.40~3.34(4H, m), 1.22(3H, t) 
Mass(m/e)628 



Example 17 

Synthesis of l,2-diammo-4-({(E)-3~K^ 
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pyridmj1)suIfanyqacety]}ainfoo 

propenyllsulfanyl^e^Hlihydro-Sff-cydopenta^pyruiiidUui-l-iu^ 

The title compound was prepared according to the same procedure as Example 16 
(Yield of two steps 6.2%). 

'HNMRJDMSO-dfi) 8 9.22~9.20(1H, d, J=7.8Hz), 7.51(2H, s), 7.41~7.39(1H, d, 
J=*15.S8Hz), 6.38(1H, br, m), 6.29(1H, br, s), 5.49~5.46(2H, br, m), 4.98~4.97(1H, d, 
J=3.05Hz), 4.01~3;95(3H, q, m), 3.80(1H, m), 3.65(1H, Abq, J=16.5Hz), 3.09~3.07(2H, 
m),2.71~2.70(2H,m),2.11~2.10(2H ) m) 

Mass(m/e) 640 

Example 18 

Synthesis of 4,6-diamino-l-({(E>-34(6It,m>^ 

pyridinyI)sulfanyl]acetyl}ammo)-8-oxo-5-thia-l-azabicycIo[4.2.0Joct-2^n-^yl]-2- 
propenyI}pyrimidin-l-ium 

4-Methoxybenzyl (6R,m)-3<(^-3^Moro-l-propenyl]-7^ 
pyridinyl)sulfanyl]acetyl}ammo)-8^^^ 

(0.4g, 0.689mmol) was dissolved in acetone(5mfc) and sodium iodide(0.3g, 2.001mmol) 
was added thereto. The reaction mixture was stirred for 1 hour at room temperature and the 
solvent was removed by distillation under reduced pressure. The residue was dissolved in 
dimethylformamide(5in£), l><ti1iydro^,6-pyrinii<lmediamiue(0.088g, O.803mmol) was 
added, and the resulting mixture was stirred for 24 hours at room temperature. The reaction 
mixture was diluted with excess ethyl acetate, washed twice with water, dried over 
anhydrous magnesium sulfate and filtered. The filtrate was distilled under reduced pressure, 
and then the residue was purified by diethylether and dried under nitrogen atmosphere. 



Thus obtained solid(0.20g) was deprotected by trifluoroacetic acid, anisole and 
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triethylsilane, and then purified by high pressure preparative liquid chromatography to give 
0.017g(Yield of two steps 4.5%) of the title compound. 

1 HNMR(DMSO-d 6 ) 6 9.27(1H, br, s), 8.28(1H, s), 7.92(1H, br, s), 7.60(1H, br, s), 
7.47(2H, s), 7.05~7.04(1H, dd, 5.5Hz), 5.65(1H, s) 5.45(IH, br, m), 4.94~4.93(1H, d, 
M.lHz), 4.67(IH, br, s), 4.G2~3.97(2H, q, J=15.6Hz), 3.42-3.40(2H, m) 

Mass(m/e) 568 

Example 19 

Synthesis of (6Tt,m>7-amrao-5<{(J^-3-[2<art^ 

sulfanyI]acetyl}amino)-8K)xo-5-thia-l-azabicydo[4.2.0]oct-2-en-5-yI]-2-pro 

sulfanyl)-3jH-[l^,4]triazolo[l,5-c]pyrimidin-4-ium 

The title compound was prepared according to the same procedure as Example 1 
(Yield of two steps 5.7%). 

*H NMR(DMSO) 6 3.33(2H, br, m), 3.87~3.98(4H, br, m), 4.96~4.97(1H, d, 
4.55Hz), 5.45~5.47(1H, dd, 4.1Hz, 8.7Hz), 5.59(1H, m), 6.12{1H, br, s), 6.96(1H, br, s), 
7.24~7.25(1H, br, m), 7.37(1H, br, d), 7.47~7.49(2H, br, m), 8.12(1H, s), 9.16~9.17(IH, d, 
7.75Hz) 

Mass(m/e)624 
Example 20 

Synthesis of (6R,7R>3-{(^-3-[(4-araino-6/7^w^^ 

yl)sulfanyl]-l-propenyl}-7-({2-[(2^-dichlorophenyl)sulfanyI]acetyl}amino)-8-oxo-5- 
thia-l-azabicydo[4.2.0]oct-2-ene-2-carboxylic acid 

The title compound was prepared according to the same procedure as Example 1 
(Yield of two steps 4.9%). 
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l H NMR(DMSO) 6 1.69(411, br, m), 2.24(2H, br, m), 3.68~3.72(2H, br, m), 
3.93(2H, br, s), 4.96(1H, d, 4.45Hz), 5.47(1H, dd, 4.4Hz, 8.7Hz), 5.64(1H, mX 6.70(2H, br, 
m), 7.08-7,1 1(1H, br, d), 7.25(1H, br, m), 7.49(2H, br, m), 9.19(1H, d, 7.80Hz) 

Mass(m/e)623 

Example 21 

Synthesis of (6R,m)-l^diammo^({(^3-[^ 

sulfanyl]acetyl}amroc^8-oxo-5-thia-l-azabicy^^ 

sulfanyl)-6J^ydro-5£^clopentaMpyrimidin-l-ium 

•The title compound was prepared according to the same procedure as Example 1 
(Yield of two steps 1.8%). 

'HNMRPMSO) 6 2.06~2.09(2H, m), 2.72(2H, m), 3.04(2H, m), 3.72~3.75(2H, 
m), 3.9(2H, s), 4.96-4.97(113, d, 5.04Hz), 5.46(2H, m), 6.43(2H, br, s), 7.25(1H, d), 
7.39(1H, d, 15.12Hz), 7.48(2H, m), 8.360H, s), 9.14~9.15(1H, d, 7.79Hz), 9.77(1H, s) 

Mass(m/e) 639 

Example 22 

. Synthesis of (61t,7R)-2,6^diammo^{(jE)^ 

siu^anyl]acetyl}amino)-8-oxo-5-thia-l-azabicydo[4^.0]oct-2-en-3-yl]-2-propenyl} 
sulfanyl>-l~methylpyrimidin-l-ium 

The title compound was prepared according to the same procedure as Example 1 
. (Yield of two steps 1.5%). 

>H NMR(DMSO) 6 3.53(1H, ABq, 18.3Hz), 3.91~3.97(5H, m, s), 4.97(1H, d, 
4.6Hz), 5.50~5.57(2H, dd, m, 5.05Hz,8.25Hz), 6.36QH, s), 7.03~7.06(1H, m), 
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7.24-7.25(lH, d, 8.25Hz), 7.46~7.49(2H, m), 7.69(lH,s), 7.87(1H, br, s), 8.82(1H, br, s), 
9,15-9.17(115, d,8.2Hz) • 
Mass(m/e)613 

5 Example 23 

Synthesis of (*R,raM,«-diamm<>-2K{(^ 
sulfanyl]acetyi}amino)-8Hao~5-M^ 

svdfanyl>l-methyI-5-[(methyIaraino)methylJpyrinirdin-l-ium 

10 The title compound was prepared according to the same procedure as Example 1 

(Yield of two steps 2.5%). 

>H NMR(DMSO) 8 2.32(3H, s), 3.42~3.49(3H, m), 3>1(4H, s, m), 
. 4.9<M.97(1H, d, 5.05Hz), 5.45~5.47(2H, m), 7.25(1H, d, 8.25Hz), 7.46~7.49(2H, m), 
15 9.16~9.18(lH,d,7.75Hz) 
Mass(m/e)656 

Example 24 

Synthesis of (6R,7R>-3-{(i^[(4,<Kdiamm^ 
20 ({M(2,5-dicMorophenyl)sulf^ 
ene-2-carboxyIic acid 

The title compound was prepared according to the same procedure as Example 1 
(Yield of two steps 1.8%). 

25 

'H NMR(D 2 0) 6 7.44~7.27(3H, m), 6.72(1H, d, 7.8Hz), 5.98~5.91(1H, m), 
5.50(1H, m), 5.35(1H, s), 5.0~4.9(1H, m), 4.9~4.8(2H, m), 3.77~3.65(2H, m), 
3.52~3.44(2H,m) 

Mass(m/e) 598 
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Example 25 

Synthesis of (6R,TO)-3-{(jE>*^^ 
({2-[(2^icMorophenyI^^ 
ene-2-carboxylic acid 

The title compound was prepared according to the same procedure as Example 1 
(Yield of two steps 1.0%). 

'H NMR(D 2 0) 8 7.60~7.25(2H, m), 7.14~7.11(1H, m), 6.85(1H, d, 15.6Hz), 
5.83~5.78(1H, m), 5.53(1H, d, 4.5Hz), 4.94(1H, d, 4.8Hz), 4.78(1H, s), 4.69-4.67(211, m), 
3.84~3.69(2H, m), 3.54~3.46(2H, m) 

Mass(m/e) 598 

Example 26 

Synthesis of (6T^7R>3^(^-3-[(4,6-ifiantino-^ 
p«>penyl}-7-({2-[(2,5KiicMorophenyl)su^^ 
bicydo[4.2.0]oct-2-ene-2-carboxylic acid 

The title compound was prepared according to the same procedure as Example 1 
(Yield of two steps 1.2%). 

'H NMRCD 2 0) 6 7.66~7.11(3H, m), 6.97(1H, d, 15.3Hz), 5.85~5.75(1H, m), 
5.53(1H, d, 4.7Hz), 4.95(1H, d, 4.8Hz), 4.70~4.60(2H, m), 3.73~3.47(4H, m), 1.77(3H, s) 
Mass(m/e) 612 

Example 27 

Synthesis of (6T^m)-7-({2-[(2,SdicMorophenyI)sutf^ 
3-(lH-pyrazolo[3,4-d]pyrimidin-4-ylswf^ 
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oct-2-ene-2-carboxylic acid 

The title compound was prepared according to the same procedure as Example 1 
(Yield of two steps 1.2%). 

'HNMR(D 2 0) 6 8.47(1H, s), 8.01(1H, s), 7.18~7.12(2H, m), 6.97~6.96(2H, m), 
6.90~6.86(1H, m), 5.90~5.89(1H, m), 5.55-5.54(111, m), 5.00~4.92(1H, m), 4.82-4.76(2H, 
m), 3.85~3.67(2H, m), 3.46~3.36(2H, m) 

Mass(m/e) 608 

Example 28 

Synthesis of (6R,m>-7-({2-K2,5-dicMorophe^^ 
methyl-2-(methylsu!fanyI)^pyrimfo^ 
bicyclo[4.2.0]oct-2-ene-2-carboxyIic add 

The title compound was prepared according to the same procedure as Example 1 
(Yield of two steps 1.1%). 

'H NMR(DMSO-d^ 8 9.18(1H; d, 8.2Hz), 7.49~7.47(2H, m), 7.46~7.40(1H, m), 
7,07(1H, d, 16Hz), 6.99(1H, s), 5.69~5.63(1H, m), 5.45(1H, dd, 8.0Hz, 4.8Hz), 4.95(1H, d, 
4.6Hz), 3.92(1H, s), 3.91~3.89(2H, m), 3.41~3.33(4H, m), 2.50(3H, s), 2.30(3H, s) 

Mass(m/e)628 

Example 29 

Synthesis of W7tf)-4,6-fflammo-2<{(E)-3<2-carto^ 

suifanyi]acetyI}amino)-8-oxo-5^^ 

sulfanyl)-l-ethylpyriinidin-l-iuin 



The title compound was prepared according to the same procedure as Example 1 
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(Yield of two steps 4.7%). 

'HNMRCDMSO-de) 6 9.16(lH,brs) > 7.83(lH > brs),7.49~7.46(2H > m), 7.35(1H, 
m), 7.25(1H, m), 5.51(1H, s), 5.51~5.46(1H, m), 4.96(1H, d, 4.5Hz), 3.99~3.95(2H, m), 
5 3.92(2H, q), 3.90~3.85(2H, m), 3.40~3.32(2H, m), 1.23(3H, t, 7.3Hz) 
Mass(m/e) 627 

Example 30 

Synthesis of (6R,7R>3-((E)-3-{I4-amtao-6^methylam 
10 propcnyl)-7-({2-[(2,5-dichlorophenyl)siUfanyI]acetyI}amino)-8-oxo-5-thia-l-aza 
bicycloI4.2.0]oct-2-ene-2-carboxylicacid 

The title compound was prepared according to the same procedure as Example 1 
(Yield of two steps 5.1%). 
15. Mass(m/e)612 

Example 31 

Synthesis of (61l,m>4,6-diamino-l-<{(E)-3-[2-carboxy-7-({2-[(2,5-dichlorophettyI) 
sulfanyl] aceryl}amino)-8-oxo-5-thia-l-azabicyclo [4.2,0] o ct-2-en-3-yl]-2-propenyl} 5- 
. 20 methylpyrimidin-l-ium 

The title compound was prepared according to the same procedure as Example 1 
(Yield of two steps 1.0%). 

25 'HINMRCDMSO-dfi) 8 9.21(1H, d, 8.2Hz), 8.30(1H, d, 11.0Hz), 7.64(1H, brs), 

7.49~7.46(2H, m), 7.30~7.23(1H, m), 7.08(1H, d, 15.6Hz), 5.65~5.57(1H, m), 
5.47~5.44(1H, m), 4.95(1H, s), 4.74(1H, d, 5.0Hz), 4.01~3.78(4H, m), 3.47~3.35(2H, m), 
1.88(3H, s) 

Mass(m/e) 581 
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Example 32 

Synthesis of (6R,m>-2,7-diammo-6^{(E)-3-l2-eaitoxy-7-({2-[(2^dichlorophenyl) 
. sulfanyl]ace^l}ainino)-8-oxo-5-thia-l-azabicyclo[4.2.0]oct-2-en-3-yI]-2-propenyl} 
5 [l^,4]triazolo[l,S-c]pyrimidin-6-ium 

The title compound was prepared according to the same procedure as Example 1 
(Yield of two steps 2. 8%). 

10 'H NMRCDMSO-dfi) 6 9.21(1H, d, 7.8Hz), 8.3(1H, s), 7.94(1H, s), 

. 7.53~7.42(2H, m), 7.32~7.21(1H, m), 7.08(1H, d, 16Hz), 5.69(1H, s), 5.68~5.60(1H, m), 
5.48~5.46(1H, m), 4.96~4.95(1H, m), 4.69(1H, s), 3.92~3.82(4H, m), 3.45~3.35(2H, m) 
Mass(m/e) 607 

15 Example 33 

Synthesis of (6T^7R)^aiiiino-H{(EV3-[2-c^^ 

suIfanyl)acetyl}ammo)-8-oxo-5-thia-l-azabi^ 

methylpyrimidin-l-ium 

20 The title compound was prepared according to the same procedure as Example 1 

(Yield of two steps 1 .3%). 

^ISIMRCDMSO-d^ 8 9.10(1H, d, 7.5Hz), 8.05(1H, d, 7.3Hz), 8.04~7.34(2H, 
m), 7.15~7.11(1H, m), 6.95(1H, d, 15.6Hz), 6.65(1H, d, 7.26Hz), 5.68~5.57(1H, m), 
25 5.38~5.34(1H, m), 4.84(1H, d, 4.8Hz), 4.68(1H, d, 5.5Hz), 3.86~3.67(4H, m), 
3.50~3.31(2H, m), 2.39(3H, s) 

Mass(ra/e) 566 



Example 34 
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Synthesis of (6Tl,m)^ammo-l<{(E)-3-p-carboxy-7-({2-[(2,5-dicUorophcnyl) 
solfanyl]acetyl>amino)-8-oxo-5-thia-l-azabicydo[4.2.0]oct-2ren-3-yl]-2-propenyI}-6,7- 
dmydro-5H-cydopenta[d]pyrimidin-l-ium 

5 The title compound was prepared according to the same procedure as Example 1 

(Yield of two steps 1.0%). 

'H NMRCDMSO-de) 6 9.52(1H, brs), 8.68(1H, brs), 7.52~7.42(2H, m), 
7:25~7.21(1H, m)„7.06~7.04(lH, m), 5.78~5.65(1H, m), 5.47~5.41(1H, m), 4.97~4.90(1H, 
10, m),-4.79(lH, s), 3.91~3.61(4H, m), 3.46~3.30(2H, m), 2.74~2.60(4H, m), 1.89~1.74(2H, 

»0 . 

Mass(m/e) 592 
Example 35 

15 . Synthesis of (6R,7R)^,5,^triamm<>-l-({(^^ 

sulfany]]acetyl}amino)-8-oro-5-thia-l-azabicyclo[4.2.0]oct-2-en-3-yl]-2-propenyl} 
pyrimidin-l-ium 

The title compound was prepared according to the same procedure as Example 1 
20 (Yield of two steps 3.2%). 

J H NMR(pMSO-dfi) 6 9.17(1H, m), 7.50~7.43(2H, m), 7.25~7.23(1H, m), 
6.91(1H, d, 16.0Hz), 5.97(IH, s), 5.80(1H, s), 5.79~5.75(1H, m), 4.95(1H, d, 4.6Hz), 
3.95~3.92(2H, m), 3.51~3.35(4H, m) 
25 Mass(m/e) 582 

Example 36 

Synthesis of (6Tl,mH»^diammo-l-({(E)-3-[2-(^boxy-7-({2-[(2,5-dichloropheny0 
suIfanyl]acetyl}amino)-8-oxo-5-thia-l-azabicyclo[4.2.0]oct-2-en-3-yl]-2-pi'openyl} 
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pyrimidin-l-ium 

The title compound was prepared according to the same procedure as Example 1 
(Yield of two steps 2.0%). 

.5 ' • 

. . *H NMRCDMSO-dj) 6 9.20(1H, brs), 8.31(1H, s), 7.55~7.43(2H, m), 
7.25-7.21(13, m), 7.05(1H, d), 5.69(1H, s), 5.65~5.59(1H, m), 5.47~5.43(1H, m), 
5.02~4.92(1H; m), 4.72~4.63(2H, m), 4.00~3.92(2H, m), 3.52~3.40(2H, m) 
Mass(m/e) 567 

.10 ' 

Example 37 

Synthesis of 4-amino-l-{(E>3-[(6R,7R)-2-caitoxy-7-({2-[(2,5-dich!orophenyl) 

sutfanyl]ace1yl}amwo)-8-oxo-5-thia-l-azabty^ 

(dimethylamino)-2-methylpyrimidiii-l-ium 

15 

The title compound was prepared according to the same procedure as Example 1 
(Yield of two steps 5.5%). 

'H NMR(DMSO) 8 2.26(3H, s), 2.80(6H, s), 3.19(2H, m), 3.42(2H, m), 
20 3.78~3.86(2H, m), 4.98~5.04(lH,d, J=4.8Hz), 5.53(2H, m), 5.77~5.81(1H, m), 
6!58~6.61(lH,d, J=15.1Hz), 6.97~6.98(1H, m), 7.14~7.24(2H, m) 
Mass(m/e) 609 

Example 38 

25 Synthesis of 4-amino-l-{(E)-3-[(6R,7R)-2-carboxy-7-({2-[(2,5-dichIorophenyl) 
sulfanyIIacetyI}amino)-8-oxo-5-thia-l-azabicyclo[4.2.0]oct-2-en-3-ylJ-2-propenyl}-2- 
methyl-6-(methylamino)pyrimidin-l-ium 



The title compound was prepared according to the same procedure as Example 1 
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(Yield of two steps 3.4%). 

H NMR(D 2 0) 6 2.28(3H, s), 2.84(3H, s), 3.16(2H; d), 3.48~3.51(2H, m), 
3 ; 80~3.91(2H, m), 4.99~5.00(lH,d, J=4.6Hz), 5.50(1H, m), 5.83(1H, m), 6.43~6.46(1H, d, 
. JrlS.lHz), 7.22(1H, m), 7.39(1H, ,m) 

Mass(m/e)595 

Example 39 

Synthesis of 4-amino4-{(JS>.3-[(^m)- 
siufanyI]acetyl}aiiimo>8M>xo-5-t^ 
' methylpyrimidin-l-inm 

The title compound was prepared according to the same procedure as Example 1 
(Yield of two steps 1.3%). 

. l H NMRpMSO, 300MHz) 6 9.10(2H, d, J=7.6Hz, NH), 8.05(1H, d, J=7.3Hz), 
.7.34-7.42(213, m), 7.11~7.15(1H, m), 6.95(1H, d, J=15.6Hz), 6.65(1H, d, J=7.2Hz), 
5.57~5.63(1H, m), 5.34~5.38(1H, m), 4.85(1H, d, J=4.89Hz), 4.68(IH, d, J=5.52Hz), 
3.67~3.86(4H, m), 2.39(3H, s) 
Mass(m/e) 567 

Example 40 

Synthesis of 4,6-diammo-l-{(J^[(6R,ra)-^ 

sidfanyl]acefyl}amwo)-8^x<H5-thia-l-a^^ 

methylpyrimidin-l-ium 



The title compound was prepared according to the same procedure as Example I 
(Yield of two steps 0.2%). 



10 
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*H NMR(DMSO, 500MHz) 6 9.21(1H, d, J=8.25Hz, NH), 8.30(1H, s), 
7.46~7.49(2H, m), 7.23~7.27(1H, m), 7.09(1H, d, T=15.6Hz), 5.56~S.64(1H, m), 
5.44~S.47(1H, m), 4.94~4.97(1H, m), 4.74M.76(2H, m), 3.89~3.98(4H, m), 1.88(3H, s) 

Mass(m/e) 582 

Example 41 

Synthesis of 4-ammo-l-{(JS>-3-[(6R,7R)-2-carboxy-7-({2-K2,5-dichIorophenyl) 

sulfanyl]acetyl}am™^ 

methyl-6-(methyIamino)pyrimidin-l-ium 

The title compound was prepared according to the same procedure as Example 1 
(Yield of two steps 3.4%). 



X R NMR(D 2 0, 500MHz) 6 7.20~7.42(3H, m), 6.45(1H, d, J-15JHz), 
15 . 5.80~5.86(1H, m), 5.47~5,53(1H, m), 5.G0(1H; d, J-4.6Hz), 3.80-3.91(211, m), 
3.45~3.53(2H, m), 3.12~3.18(2H, m), 2.84(3H, s), 2.28(3H, s) 
Mass(m/e)596 

Experiment 1 
20 Minimum Inhibitory Concentration (MIC) 

The effectiveness of the compound according to the present invention was 
determined by obtaining Minimum Inhibitory Concentration (MIC) of the compounds 
prepared by the above examples (Compounds 1-1 to 1-41) and vancomycin, which is the 
25 known compound having a potent activity against gram-positive strains, as the control drug 
against the standard strains. Specifically, Minimum Inhibitory Concentration was 
obtained by diluting the test compound according to a double dilution method, dispersing 
them in Mueller-Hinton agar medium, inoculating each of the test strain having 10 7 cfu 
(colony forming unit) per mi in an amount of 2 pi to the medium and then incubating 
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them at 3TC for 20 hours. The results are shown in the following Tables 1 and 2. From 
the result of Minimum Inhibitory Concentration test, it can be seen that the compound 
according to the present invention has a good activity against major pathogenic 
microorganisms, which cause hospital infection, including MRS A strains. 

Table 1. 



Sensitivity test result using standard strains (ug/me) 





oxapnyiococcus 
aureus oinroiA 


S. aureus 

77 


S. aureus 


S. 

epidermidis 

A.WJ 


R faecalis 
L239 


• 1-1 


<0.008 


0.25 


4 


' l 0 11 




1-2 


<0.008 


ft 95 


A 
*T 




1 


A.- J 




0.13 


4 


0.13 


0,5 . 


T A* 


<0.008 


0.13 


1 


0.13 


0,5 


. 1-5 


0.031 


0.5 


16 


0.5 


1 


1-6 


<0.008 


0.031 


4 


0.063 


4 


; 1-19 


_ <0.008 


0.13 


2 


0.063 




1-20 


0.063 


2 


g 






1-21 


<0.008 


0.063 


1 


0 063 




. 1-22 


<0.008 


0.063 


1 


0 061 




1-23 


0.016 


0.25 


4 




1 
I 


1-24 ■ 


0.016 


0.25 


4 


0.13 


0.5 


1-25 


0.063 


0.5 


16 


1 


2 


1-26 


0.13 


1 


16 


2 


2 


1-27 


<0.008 


0.13 


2 


0.13 


0.13 


1-28 


0.016 


0.25 


32 


0.25 


0.5 


1-29 


<0.008 


0.063 


1 


0.031 


0.13 


' 1-30 


0.016 


0.5 


16 


0.5 


2 


• 1-31 


0.016 


1 


8 


0.25 


2 


• 1-32 


0.016 


0.5 


4 


0.25 


1 • 


. 1-33 


<0.008 


0.26 


2 


0.063 


0.5 


1-34 


<0.008 


0.5 


4 


0.13 


1 


1-35 


0.016 


0.25 


2 


0.25 


0.5 


1-36 


<0.008 


0.13 


1 


0.063 


0.25 


1-37 


0.016 


0.25 


4 


0.25 


0.5 


1-38 


0.031 


1 


8 


0.5 


1 


1-39 


<0.008 


0.25 


2 


0.063 


0.5 


1-40 


0.016 


1 


8 


0.25 


2 
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1-41 


0.031 


I 


. 8 


0.5 


1 


Vancomycin 


1 


1 . 


2 


1 


2 


T3ible2. • 

Sensitivity test result using standard strains (ugM) 


• 




Staphylococcus 
aureus giorgio 


S. aureus 
77 


S. aureus 
K311 


S. epUkrrmctid 
R005 


K faecalis 


1-7 ■ 


<0.008 


0.25 


0.5 


0.25 


0.5 


1-8 


0.031 


0.25 


0.5 


0.5 


1 


1-9 


0.031 


0.25 


1 


0.5 


. 1 


: 1-10 


0.016 


0.25 


0.5 


0.25 


1 


1-11 


0.016 


0.2S 


0.5 


0.5 


2 


1-12 


0.031 


0.5 


1 


0.5 


0.5 


1-13 


0.016 


0.25 


0.5 


0.25 


1 


• 1-14 


O.008 


0.13 


0.25 


0.13 


1 


•■ 1-15 


0.031 


0.5 


0.5 


0.5 


1 


1-16 


<0.008 


0.13 


0.5 


0.13 


0.5 


1-17 


<0.008 


0.25 


0.5 


0.25 


0.5 


• 1-18 


0.016 


0.25 


1 


L 0.25 


1 


Vancomycin 


1 


1 


2 


1 


2 



While the invention has been described with respect to the above specific 
embodiments, it should be recognized that various modifications and changes can be made 
, to the invention by those skilled in the art, which also fell within the scope of the invention 
as defined by the appended claims. 
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CLAIMS 

i 

1. A cephalosporin compound represented by the following fonnula (I): 




and pharmaceutically acceptable non-toxic salt, physiologically hydrolysable ester, hydrate, 
solvate or isomer thereof, in which 

R l and R 2 independently of one another represent hydrogen, halogen, C 1-6 alkyl, 

alkylthio, aryl, arylthio, or C** heteroaryl containing one or two hetero atoms 
selected from the group consisting of nitrogen and oxygen; 

R 3 represents hydrogen or a carboxy-protecting group; 

Q represents O, S, CH* NH or NR, wherein R represents hydrogen, C M alicyl or benzyl; 

Z represents CH or N; 

n denotes an integer of 0 or 1; 

Ar represents a heteroaryl group represented by one of the following formulas: 
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wherein X, Y, W, A, B, D, E, G and I independently of one another represent N or C (or 
CH), provided that the six-membered ring forms a pyrimidine structure; 

5 R 4 represents hydrogen or C M alkyl, or amino substituted or unsubstituted with a 
substituent selected from the group consisting of C,^ alkyl and C,* hydroxyalkyl; 

R 5 and R* independently of one another represent hydrogen or hydroxy, or represent C M 
• alkyl, C M alkylthio or amino substituted or unsubstituted with a substituent selected 
from the group consisting of alkyl, hydroxyalkyl and aminoalkyl; 

10 R 7 , R 8 , R 9 , R 10 and R u independently of one another represent hydrogen,, or represent C 1j6 
alkyl, or represent amino substituted or unsubstituted with a substituent selected 
from the group consisting of alkyl, C M hydroxyalkyl and C w aminoalkyl; 

R 12 , R 13 , R 14 , R 15 » R 16 , R 17 and R 18 independently of one another represent hydrogen, C w 
. . alkyl or hydroxyalkyl, or represent amino substituted or unsubstituted with a 
15 substituent selected from the group consisting of alkyl, di-C l-6 alkyl, 

hydroxyalkyl and C 1%6 aminoalkyl 

=== denotes a single bond or a double bond; and 

the propenyl group when n is 1 at C-3 position may be present in the form of cis or trans. 
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2. The compound of claim 1, wherein the compound is selected from the group consisting 
of the following: 

(6R,m>3-{(£>34(2-amh^ 
[(2,5-dicMorophenyI)sulfanyy 
2~ene-2-carboxylic acid; 

4-amino-l-{(j^3-[(6R > m^ 

amino)-8-oxo-54hk-l-azabicyclo[4.2.0^ 

turn; 

(6J?,7i?)-3-{(^3-[(2,6^mm^^ 
dicMorophenyl)sulfanyl]ace*yl}am^ 
2-carboxylic acid; 

l,4-cHamino-2^{(^34(6^ 

acetyl}amino>8K>xo-54hia-l-azafoicyd^^ 

pyrimidin-l-ium; 

dicMoroanttmo)acetyl]amino}-8-oxo-5-^ 
caiboxylic acid; 

l/Miamino-2<{[(^^ 

amino)-8<>xo-54hia-l-azabicyclo[4^^ 

1-ium; 

(6R,m>7<{2-[(2,6-di^ 
(lH-pyrazolo[3/M]pyrimidin^^ 
oct-2-ene-2-carboxylic acid; 

(6R,m)-3-{(£>3-[(4 a 6-diamm^^ 
dicttoro^-pyridinyi)sulfany 
ene-2-carboxylic acid; 

(6R,m>3-{(E>3-[(4~amino4^ 



WO 02/04464 



PO7KR01/01027 



54 

proprayl}-7-({2-[(2>dicMoro^py^ 
. azabicyclo[4.2.0]oct-2-ene-2-caiboxyKc acid; 

(6R,m)-3-{(E)-3-[(2-ammo-6-hydroxy^pyrinudkyl)su^ 
({2-[(2,6-dicUoro^-pyridmyl)su!fanyqacetyl}amino)-8-o 
[4.2.0]ort-2-ene-2-caiboxyIic acid; 

(^7R)-3-{(^-34(2>diamiiio^pyrb^ 
dicMoro^-pyridinyl)sulfanyl]ace^^ 
ene-2-carboxylic acid; 

(6R,7R)-7<{2-[(2,6^icMoro^pyri^ 
(ethylsulfanyl)^me%M-pyri^ 
azabicyclo[4.2.0]oct-2-eno-2-carboxylic acid; 

7-ammo-5<{(E)-3-[(^m>2-^ 

acetyi}amino>8^xc-54bia-l-azabicycto^^ 

-lH-[l,2,4]triazoio[l,5^]pyrimidin-4-ium; 

2J^mino-5<{<E>3-[(6R,m)-2-caib^^ 

sulfanyl]acetyl}amino)-8-oxo-54hia-l-a^ 

sulfanyl)-l-methyl-lH4l 1 2,4]triazolo[l ) 5-c]pyrimidin^ium; 

(6R,m>7<{2-[(2,6-dicbloro^-pyridinyOsulfanyl]acetyl}a^o)-3-[(E>^ 

hydroxy-6-[(2-hydroxye%l)anfoo]^^ 

thia-l-azabicyclo[4.2.0]oct-2-ene-2-cart)oxylicacid; 

4>ciiamino-2<{<£)-3-[(6^m)-2K^o^ 

suIfmyl]acetyl}ammo>8K>xo-5-thto^ 

sulfanyl)-l-ethylpyrimidin-l-ium; 

l>diamino^({(E>3-[(6R,m>2-carboxy^ 

sulianyl]acetyl}amino)-8-oxo-5-^ 

sul^yl)-6,7-dihydrc-5H-cyclopeiita[d]pyrimidin-l-ium; 

4>diammo-H{(E>3-[(6R,m>2-(^bo^ 
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sulfimyl]acetyl}ammo)-8-ox(^^^ 
pyrimidin-l-ium; 

(6R,m)-7-anmw-5<{(E>3-[2-c^^ 

amino)-8-oxo-5-tbia-l<^icyclofr^ 

[l,2,43tria2»lo[l,5-c]pyriniidui-4-ium; 

(6R,7R)-3-{(E>3-[(4-amii^ 

1- propenyl}-7<{2-[(2,5-dicMorophe^ 
azabicyclo[4.2.0]oct-2-eae-2-caiboxylic acid, 

(^m>l,2-<fiamino-4-({CE>3-[2-^^ 
acetyl} amino-8-oxo-5-tbia-l-azabi<^clo[4.^^ 
d^-dihydn^SH-^clopentaldlpyrimidin-l-ium; 

(6R,7R>2,6-diammo-4-({(E)-3-[2-^^ 

ace^l}amino)-8-oxo-S4biarl-azabicyclo[4.2.0]oct-2-en-3-yI]-2-pr 
-1-methylpyrimidin-l-ium; 

(^m)-4,6^amino-2<{(E>3-[2-<^bo^^^ 

a<«tyl}ammo)-8-Qx<>5-tbia-l-az^ 

4-methyl-5-[(methyIamino)methyl]pyrimidin-l-ium; 

(6R,m)-3-{(^)-3-[(4,6-c0amino-2-pyrimidmy0sul^ 
dichlorophenyl)suIfanyl]ac^ 

2- carboxylic acid; 

(6R,m)-3-{(E)-3-[(5,6-diamino-4-py™ 
dicMorophenyI)sutfanyl]acetyl}amino^ 
2-carboxylic acid; 

(6R,m>3-{(E)-3-[(4,6-diaramo-5-me%^ 
({2-[(2,5-dicMoropheiiyi)suIfanyl]ac^ 
oct-2-ene-2-carboxylic acid; 

(61^m)-7^{2-[(2,5-dichlorophenyl)sulfanyl]acetyl}amino>8-oxo-3-[(E>3^ 
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pyrazolo[3^d]pyrimdiijh4-yU^ 
ene-2-carboxylic acid; 

(6R,m>7<{2-[(2,5-dicMorophenyO^ 
(me%lsuifanyl)-4-pyiimid^^ 
[4.2.0]oct-2-ene-2-carboxylic acid; 

(6R,7R)-4,&diammo-2-({(E)-3-[2-c5arbo 

ac^l}amino>8-oxo-5-tMa-l-azabicycl^^^ 

-1-ethylpyrimidin-l-ium; 

(6R,m)-3^(E)-3-{[4-armncH6-(me%^ 
-7-({2-[(2>dicMorophenyl)suifanyl]a^^ 
[4.2.0]oct-2-ene-2-caiboxylic acid; 

(6R,mM,6~<iiamino-l-({(E)-3-[2-^ 

acetyl}amino>8K)XC>-5-lMa-l-a2^icyclo[4.2.0]CKt-2--en-3-yl]-2-propeayI}- 
5-methylpyrimidin-l-ium; 

(6R3)-2J-diamino-6-({(E)-3-[2-^ 
a<^l}ainino>8-oxo-5-tMa-l-azab^ 
triazolo[ 1 ,5-c]pyriraidin-6-ium; 

(6R,m)^amtoo-H{(£)-3-[2-ca*o 

amino)-8^xo-5-thia-l-azabicyclo[4.2.0]oct-2-en-3-yl]-2-propenyl}-2-methyl 
pyrimidin-l-ium; 

(6R,mM-anuno-l-({(E>3-[2-carboxy^^^ 

amino)-8-oxo-5-thia^l-azabicyclo^ 

5H-cyclopenta[d]pyrimidin-l-ium; 

(6R,m)-4A6-trianimo-l-({(E>3-[2-cato^ 

ac^l}amino)-8-oxo-5-thia-l-azabicyclo[4.2.0]oct-2-en-3-yl]-2-propenyl} 
pyrimidin-l-ium; 

(6R,mH,6-diamino-l-({(E)-3-[2-caiboxy-7-({2-[(2,5-cKchtorophenyl)su^ 
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acetyl}ammo)-8-oxo-5-tMa4-a^^ 
pyrimidin-l»ium, 

4-anrino-l-{(E)-3<(6R j m>2.carboxy-7-({2-[(2 > 5^cMorophenyl)a 

amino)-8-oxo-5-tiua-l-a^icyclo[4.2.0]oct-2-en-3-yl]-2- P ropenyl}^6- 

(dime%lamko>2-me%lpyrimi<Kn-l-ium; 

4-amino-l-{(E)-3-[(6R,m)-2^o^ 

aauno)-8-oxo-5-tMa-l-azabicyd^^^ 

(methylamino)pyriinidin-l-iuin; 

4-animo-l-{(E>3-[(6R,m>2-caAo^ 

ammo)-8-oxo-5-thia-l-azabicycb^^^ 

pyrimidin-l-ium; 

4,6-diamino-l-{(B>3-[(6R,m>2-^^ 

acetyl}amino)-8^xo-5-tHa-l-a2abicyclo[4.2.0]oct-2-efl-3-yl]-2-propenyl}- 
methylpyrimidin-l-ium; and 

4-ambo-l-{(E)-3-[(6R,m>2K^xy-7<{2-[(2>dichlorophenyl)sulfaaylJ 
an^6)-8-oxo-5-thia-l-azabicyc^ 

(methylamino)pyrimidb-l-ium. 

3. A process for preparing the compound of formula (I) according to claim 1, which 
comprises reacting a compound of fonnula (V): 




wherein R 1 , ft 2 , R 3 , Z, Q and n are as defined in claim 1, represents halogen atom, and p 
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is 0 or 1, with a compound of formula (VI): 



H-Ar (VI) 



wherein Ar is as defined in claim 1, or reducing S-*>xide of a compound of formula (VH): 




OaR* 



(vn). 



wherein R 1 , R 2 , R 3 , Z, Q, n and Ar are as defined in claim 1 . 



4'. The process of claim 3, which further comprises removing acid-protecting group. 



5. An antibacterial composition containing the compound of formula (I) or its 
pharmaceutical^ acceptable salt according to claim 1 as an active ingredient, together with 
aphannaceutically acceptable carrier. 
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